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1
APPARATUS AND METHOD FOR
TRANSMITTING AND RECEIVING VISIBLE
LIGHT COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0035436 filed in the
Korean Intellectual Property Office on Apr. 5, 2012, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a method and apparatus for
transmitting/receiving visible light communication. More
particularly, the present invention relates to a method and
apparatus for transmitting/receiving while removing interfer-
ence in visible light communication.

(b) Description of the Related Art

Nowadays, as lighting devices using a light-emitting diode
(LED) as a light source are widely used, visible light com-
munication (VLC) technology that can communicate with the
LED lighting device is being introduced.

VLC technology is communication technology that loads
data to light of a visible light wavelength band that a human
being can recognize by eye and that transfers the data wire-
lessly. As VL.C technology uses light of a visible light wave-
length band, VLC technology is distinguished from existing
wire optical communication technology and infrared ray
wireless communication technology. Further, VL.C technol-
ogy can be freely used without regulation or permission from
a frequency use viewpoint, unlike radio frequency communi-
cation, and thus has excellent convenience and physical secu-
rity and has a distinction in which a user can determine a
communication link by eye.

A VLC system using an LED light source has multipath
channel characteristics in which there are several paths of
light between a transmitter and a receiver, not one. However,
most executing VL.C systems are limited to only a line of sight
(LOS) environment. Further, when a plurality of transmitters
and receivers exist, performance is degraded due to interfer-
ence by different signals and thus technology research for
minimizing performance degradation due to interference by
different signals is necessary.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to provide
a method and apparatus for transmitting/receiving VL.C hav-
ing advantages of removing interference by different signals
in VLC.

An exemplary embodiment of the present invention pro-
vides a transmitting method of a VLL.C transmitting apparatus.
The transmitting method includes: modulating source data to
an orthogonal frequency division multiplexing (OFDM)
symbol according to an OFDM modulation method; inserting
a diffusion code that is allocated to the VLC transmitting
apparatus into a frequency axis of the OFDM symbol; con-
verting the OFDM symbol into which the diffusion code is
inserted to a visible light modulation signal; and transmitting
the visible light modulation signal.

The diffusion code may include one of a pseudo noise code
(PN code), a Walsi code, a Kasami code, and an M-sequence.

The diffusion code may include an M-sequence.
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The converting of the OFDM symbol may include convert-
ing the OFDM symbol into which the diffusion code is
inserted to a radio frequency signal, and controlling turning-
onofa plurality of light emitting diodes according to the radio
frequency signal.

Another embodiment of the present invention provides a
receiving method of a VLC receiving apparatus. The receiv-
ing method includes: detecting a visible light wireless signal;
converting the visible light wireless signal to a digital signal;
detecting a signal of a VL.C transmitting apparatus wanting to
receive using a diffusion code that is inserted into the digital
signal; removing the diffusion code from the detected signal;
and restoring the signal in which the diffusion code is
removed to original data by demodulating with an OFDM
method.

The diffusion code may include one of a PN code, a Walsi
code, a Kasami code, and an M-sequence.

The diffusion code may include an M-sequence.

The detecting of a signal may include calculating an auto-
correlation value between a sequential sample signal of a
signal into which the diffusion code is inserted among the
digital signal and a diffusion code of the VL.C transmitting
apparatus wanting to receive, and detecting a digital signal
corresponding to a signal having a maximum value of the
calculated auto-correlation value.

The calculating of an auto-correlation value may include
calculating a log likelihood ratio of the sample signal, and
detecting a maximum value of an auto-correlation value
between the log likelihood ratio of the sample signal and the
diffusion code of the VL.C transmitting apparatus wanting to
receive.

Yet another embodiment of the present invention provides
a VLC transmitting apparatus including a modulation unit
and a light source light emitting unit. The modulation unit
modulates source data to an OFDM symbol according to an
OFDM method and inserts a diffusion code that is allocated to
the VLC transmitting apparatus into another subcarrier of the
OFDM symbol. The light source light emitting unit includes
a plurality of light emitting diodes (LED), and transmits an
OFDM symbol into which the diffusion code is inserted
through a visible light modulation signal by controlling turn-
ing-on of the plurality of LEDs.

The diffusion code may include one of a PN code, a Walsi
code, a Kasami code, and an M-sequence.

The modulation unit may include: a symbol mapper that
generates a modulation data symbol by performing symbol
mapping of the source data; an inverse fast Fourier transform
(IFFT) unit that transforms the modulation data symbol to a
signal of a time domain by performing IFFT; a diffusion code
insertion unit that inserts the diffusion code into a frequency
axis of a modulation data symbol of the time domain; and a
guard interval insertion unit that inserts a cyclic prefix into a
time axis of the modulation data symbol of the time domain.

Yet another embodiment of the present invention provides
a VLC receiving apparatus including a photoelectric con-
verter and a demodulation unit. The photoelectric converter
detects a visible light modulation signal and converts the
visible light modulation signal to a digital signal. The
demodulation unit detects a signal of a VLLC transmitting
apparatus wanting to receive from the digital signal using a
diffusion code of the VL.C transmitting apparatus wanting to
receive, and restores the detected signal to original data by
demodulating according to an OFDM method.

The diffusion code may include one of a PN code, a Walsi
code, a Kasami code, and an M-sequence.

The demodulation unit may include a signal receiving unit
that calculates an auto-correlation value between a sequential
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sample signal of a signal into which the diffusion code is
inserted among the digital signals and the diffusion code of
the VLC transmitting apparatus wanting to receive, and that
detects a digital signal corresponding to a signal having a
maximum value among the calculated auto-correlation val-
ues.

The demodulation unit may further include: a diffusion
code removing unit that removes the diffusion code from the
digital signal corresponding to a signal having the maximum
value; a guard interval removing unit that removes a cyclic
prefix from a signal in which the diffusion code is removed;
an FFT unit that transforms a signal in which the diffusion
code is removed to a signal of a frequency domain by per-
forming FFT; and a symbol demapper that restores the signal
of'a frequency domain to original data by symbol demapping.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of a
VLC transmitting/receiving apparatus according to an exem-
plary embodiment of the present invention.

FIG. 2 is a flowchart illustrating a transmitting/receiving
method of a VLC transmitting apparatus according to an
exemplary embodiment of the present invention.

FIG. 3 is a block diagram illustrating a configuration of a
modulation unit that is shown in FIG. 1.

FIG. 4 is a block diagram illustrating a configuration of a
demodulation unit that is shown in FIG. 1.

FIGS. 5 to 8 are graphs illustrating a simulation result of an
auto-correlation value according to a diffusion code that is
obtained in a VLC receiving apparatus according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of illustration. As those skilled
in the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive. Like reference numerals designate
like elements throughout the specification.

In addition, in the entire specification and claims, unless
explicitly described to the contrary, the word “comprise” and
variations such as “comprises” or “comprising” will be
understood to imply the inclusion of stated elements but not
the exclusion of any other elements.

Hereinafter, a method and apparatus for transmitting/re-
ceiving VLC according to an exemplary embodiment of the
present invention will be described in detail with reference to
the drawings.

FIG. 1 is a block diagram illustrating a configuration of a
VLC transmitting/receiving apparatus according to an exem-
plary embodiment of the present invention, and FIG. 2 is a
flowchart illustrating a transmitting/receiving method of a
VLC transmitting apparatus according to an exemplary
embodiment of the present invention.

Referring to FIG. 1, a VLC transmitting apparatus 100
includes a modulation unit 110 and a light source light emit-
ting unit 120. Further, a VLC receiving apparatus 200
includes a photoelectric converter 210 and a demodulation
unit 220.

Source data for VL.C is input to the modulation unit 110.
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4

As shown in FIG. 1, the modulation unit 110 modulates the
source data according to an OFDM modulation method
(S210). The modulation unit 110 modulates source data with
an OFDM method, and in order for the VL.C receiving appa-
ratus 200 to identify a signal of the VLC transmitting appa-
ratus 100, the modulation unit 110 adds a diffusion code that
is allocated to the VL.C transmitting apparatus 100 to a fre-
quency axis of an OFDM-modulated signal (S220). As the
diffusion code, a pseudo noise (PN) code, a Walsi code, a
Kasami code, and an M-sequence may be used.

The light source light emitting unit 120 includes a light
source driver 122 and a light-emitting diode (LED) light
source module 124. The light source driver 122 drives the
LED light source module 124. The LED light source module
124 includes a plurality of LEDs.

The light source driver 122 generates a driving signal that
controls turning-on and turning-off states of a plurality of
LEDs according to an OFDM-modulated signal, and outputs
the driving signal to the LED light source module 124. The
LED light source module 124 is turned on according to a
driving signal of the light source driver 122 and generates and
transmits a visible light modulation signal corresponding to
light that is emitted from a plurality of LEDs (S230-S240).

The photoelectric converter 210 detects the visible light
modulation signal (S250) and converts the visible light modu-
lation signal to a digital signal through photoelectric conver-
sion (S5260). Such a photoelectric converter 210 includes a
photo-diode or an image sensor.

The demodulation unit 220 demodulates an OFDM symbol
corresponding to a digital signal and restores the OFDM
symbol to original source data. The demodulation unit 220
detects an OFDM symbol of the VLC transmitting apparatus
100 using a diffusion code that is inserted between OFDM
symbols (8270), removes the diffusion code from the
detected OFDM symbol, and performs OFDM demodulation
corresponding to OFDM modulation (S280-S290). There-
fore, the received visible light modulation signal is restored to
original source data.

FIG. 3 is a block diagram illustrating a configuration of a
modulation unit that is shown in FIG. 1.

Referring to FIG. 3, the modulation unit 110 includes a
serial-to-parallel converter 111, a symbol mapper 112, an
IFFT unit 113, a parallel-to-serial converter 114, a diffusion
code insertion unit 115, a guard interval insertion unit 116,
and a signal transmitting unit 117.

When serial data corresponding to source data to transmit
is input, the serial-to-parallel converter 111 converts the serial
data to parallel data.

The symbol mapper 112 symbol-maps the parallel data
through digital modulation such as binary phase shift keying
(BPSK), quadrature amplitude modulation (QAM),
16-QAM, and 64-QAM and generates a parallel modulation
data symbol.

The IFFT unit 113 performs IFFT of the parallel modula-
tion data symbol. Therefore, the parallel modulation data
symbol is converted from a frequency domain to a time
domain.

The parallel-to-serial converter 114 converts the parallel
modulation data symbol that is converted to a time domain to
a serial modulation data symbol.

The diffusion code insertion unit 115 inserts the diffusion
code that is allocated to the VLC transmitting apparatus 100
into the serial modulation data symbol. The diffusion code is
an intrinsic code that is allocated to the VLC transmitting
apparatus 100, and the VLC transmitting apparatus 100 can
distinguish the modulation data symbol by the diffusion code.
The diffusion code insertion unit 115 inserts the diffusion
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code that is allocated to the VL.C transmitting apparatus 100
into a frequency axis of serial modulation data symbol to
transmit.

The guard interval insertion unit 116 inserts a cyclic prefix
(CP) into the serial modulation data symbol. In this case, all of
a CP, a modulation data symbol, and a diffusion code are
referred to as an OFDM symbol.

The signal transmitting unit 117 converts the OFDM sym-
bol from a digital signal to an analog radio frequency signal
and transfers the converted OFDM symbol to the light source
light emitting unit 120. Therefore, the light source light emit-
ting unit 120 converts an OFDM signal to a visible light
modulation signal and transmits the converted visible light
modulation signal.

FIG. 4 is a block diagram illustrating a configuration of a
demodulation unit that is shown in FIG. 1.

Referring to FIG. 4, the demodulation unit 220 includes a
signal receiving unit 221, a diffusion code removing unit 222,
a guard interval removing unit 223, a serial-to-parallel con-
verter 224, an FFT unit 225, a symbol demapper 226, and a
parallel-to-serial converter 227.

When the signal receiving unit 221 receives an OFDM
symbol from the photoelectric converter 210, the signal
receiving unit 211 detects an OFDM symbol of the VL.C
transmitting apparatus 100 wanting to receive using the
inserted diffusion code and converts the corresponding
OFDM symbol from a digital signal to an analog signal.

A transmitting signal of ani-th VL.C transmitting apparatus
100 that passes through the IFFT unit 113 is represented by
Equation 1.

‘_ 1y & ‘_ kn [Equation 1]
x(n)= (V] Z Xkexp(]N—]
(X 13

Here, N_ represents the number of subcarriers of one
OFDM symbol,nis 0,1, ...,N_-1, and N_=2k+1.

When a transmitting signal of the i-th VL.C transmitting
apparatus 100 passes through the diffusion code insertion unit
115 and the guard interval insertion unit 116, an OFDM
symbol is represented by Equation 2.

Yy o P (=N INAN )

VPuM (n=N~fIN +Ng)-Ny,) [Equation 2]

In Equation 2, M’ represents a diffusion code of the i-th
VLC transmitting apparatus 100, and N, represents the num-
ber of samples of CP. N, , represents a length of a diffusion
code, and P, , represents electric power of the diffusion code.

A received signal having completely corresponding syn-
chronization when the transmitting signal of the i-th VL.C
transmitting apparatus 100 passes through a channel is rep-
resented by Equation 3.

[ ) [Equation 3]
=y mekhm+aG,
i=0

In Equation 3, h(n) represents a channel impulse response
of'the i-th VL.C transmitting apparatus 100, and G,, represents
complex additive white Gaussian noise (AWGN).

Because the signal receiving unit 221 knows the diffusion
code of the VLC transmitting apparatus 100 wanting to
receive, the signal receiving unit 221 calculates an auto-cor-
relation value between a sequential sample signal of a signal
into which the diffusion code is inserted among received

20

25

30

35

40

45

50

55

6

signals and the diffusion code of the VLC transmitting appa-
ratus 100 wanting to receive and detects an OFDM symbol
having a maximum value of the calculated auto-correlation
values as a signal of the VL.C transmitting apparatus 100
wanting to receive.

The signal receiving unit 221 obtains an auto-correlation
value between a signal into which the diffusion code is
inserted and the diffusion code of the VL.C transmitting appa-
ratus 100 wanting to receive through log likelihood calcula-
tion like Equations 4 to 6.

A signal into which the diffusion code is inserted is repre-
sented by Equation 4.

-1 ) ) [Equation 4]
rim) = Z VPuy M'(n=Ng = j(Ne + N )@ K (1) + no(n)
i=0

A log likelihood function for obtaining an auto-correlation
value between a signal into which the diffusion code is
inserted and a diffusion code of the VL.C transmitting appa-
ratus 100 wanting to receive is represented by Equation 5, and
an auto-correlation function for obtaining a maximum value
of an auto-correlation value using a log likelihood ratio that is
calculated by Equation 5 is represented by Equation 6.

L(S) = Inp(r(n)) [Equation 5]

& _ [Equation 6]
S= arg{mSaxL(S)}

arg{mEaX > ln(p(r(n)))}
neSync

S+N Y _Seq~1
= arg{max Z ()G (n - S)}

& n=s

In Equation 6, G’ is a diffusion visible light code of the
wireless communication receiving apparatus 200 wanting to
receive and is a value that the VLC transmitting apparatus 100
knows.

The signal receiving unit 221 detects a signal having a
maximum value of auto-correlation values that are obtained
through Equation 6 with an OFDM symbol of the wireless
communication receiving apparatus 200 wanting to receive,
and converts the detected OFDM symbol from a digital signal
to an analog signal.

In this way, by using the diffusion code of the wireless
communication receiving apparatus 200 wanting to receive,
the signal receiving unit 221 detects a signal of the wireless
communication receiving apparatus 200 wanting to receive
from a received signal in which a signal of another VL.C
transmitting apparatus exists as interference.

The diffusion code removing unit 222 removes the diffu-
sion code from the analog OFDM symbol.

The guard interval removing unit 223 removes a guard
interval from an analog OFDM symbol in which the diffusion
code is removed.

The serial-to-parallel converter 224 converts the remaining
modulation data symbols in which a guard interval is
removed from the analog OFDM symbol from a serial signal
to a parallel signal.

The FFT unit 225 performs FFT of a parallel modulation
data symbol. Therefore, the parallel OFDM symbol is con-
verted from a time domain to a frequency domain.
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The symbol demapper 226 demaps a parallel modulation
data symbol that is converted to a frequency domain through
digital demodulation such as BPSK, QAM, 16-QAM, and
64-QAM, thereby generating parallel data.

The parallel-to-serial converter 227 converts the parallel
data to serial data. Therefore, source data is restored.

FIGS. 5 to 8 are graphs illustrating a simulation result of an
auto-correlation value according to a diffusion code that is
obtained in a VLC receiving apparatus according to an exem-
plary embodiment of the present invention.

FIGS. 5 to 8 represent a simulation result of an auto-
correlation value according to a diffusion code in a condition
of'the VLC receive apparatus 200 that is described in Table 1.

TABLE 1
Magnitude of FFT 256
Photoelectric conversion 0.53 A/W
efficiency
The number of data 256
subcarriers
Transmitting photoelectric 1w
power
Physical detection area of 1.0 cm?
photodiode
FOV (field of view) 60 deg.

Optical channel LOS (line of sight),
NLOS (non-line of sight)

SNR 10 db

Diffusion code PN code, Walsi code,

Kasami code, and M-sequence

Specifically, FIG. 5 is a graph illustrating an auto-correla-
tion value when using a Kasami code as a diffusion code, and
FIG. 6 is a graph illustrating an auto-correlation value when
using an M-sequence as a diffusion code. FIG. 7 is a graph
illustrating an auto-correlation value when using a PN code as
a diffusion code, and FIG. 8 is a graph illustrating an auto-
correlation value when using a Walsi code as a diffusion code.

As can be seen in FIGS. 5to 8, by using the diffusion code,
the VL.C receiving apparatus 200 can easily detect a signal of
the VLC transmitting apparatus 100 wanting to receive
through calculation of an auto-correlation value between a
signal into which the diffusion code is inserted and the diffu-
sion code of the VL.C transmitting apparatus 100 wanting to
receive.

Particularly, referring to FIG. 6, because a difference
between an auto-correlation value corresponding to the signal
of'the VLC transmitting apparatus 100 wanting to receive and
an auto-correlation value corresponding to another user’s
signal is large, when an M-sequence is used as a diffusion
code, a signal of the VLLC transmitting apparatus 100 wanting
to receive can be detected further than when using a Kasami
code, a PN code, and an Walsi code as a diffusion code.

According to an exemplary embodiment of the present
invention, by using a diffusion code, interference can be
efficiently removed and thus degradation of system perfor-
mance due to interference can be minimized.

An exemplary embodiment of the present invention may
not only be embodied through the above-described apparatus
and/or method, but may also embodied through a program
that executes a function corresponding to a configuration of
the exemplary embodiment of the present invention or
through a recording medium on which the program is
recorded, and can be easily embodied by a person of ordinary
skill in the art from a description of the foregoing exemplary
embodiment.

While this invention has been described in connection with
what is presently considered to be practical exemplary
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embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A receiving method of a VLC receiving apparatus, the
receiving method comprising:

detecting a visible light wireless signal;

converting the visible light wireless signal to a digital sig-
nal;

detecting a signal of a VL.C transmitting apparatus wanting
to receive using a diffusion code that is inserted into the
digital signal;

removing the diffusion code from the detected signal; and

restoring a signal in which the diffusion code is removed to
original data by demodulating with an OFDM method,

wherein the detecting of a signal comprises:

calculating an auto-correlation value between a sequen-
tial sample signal of a signal into which the diffusion
code is inserted among the digital signal and a diffu-
sion code of the VLC transmitting apparatus wanting
to receive; and

detecting a digital signal corresponding to a signal hav-
ing a maximum value of the calculated auto-correla-
tion value.

2. The receiving method of claim 1, wherein the diffusion
code comprises one of a PN code, a Walsi code, a Kasami
code, and an M-sequence.

3. The receiving method of claim 1, wherein the diffusion
code comprises an M-sequence.

4. The receiving method of claim 1, wherein the calculating
of an auto-correlation value comprises:

calculating a log likelihood ratio of the sample signal; and

detecting a maximum value of an auto-correlation value
between the log likelihood ratio of the sample signal and
the diffusion code of the VL.C transmitting apparatus
wanting to receive.

5. A VLC receiving apparatus, comprising:

a photoelectric converter that detects a visible light modu-
lation signal and that converts the visible light modula-
tion signal to a digital signal; and

a demodulation unit that detects a signal of a VL.C trans-
mitting apparatus wanting to receive from the digital
signal using a diftfusion code of the VL.C transmitting
apparatus wanting to receive, and that restores the
detected signal to original data by demodulating accord-
ing to an OFDM method,

wherein the demodulation unit comprises a signal receiv-
ing unit that calculates an auto-correlation value
between a sequential sample signal of a signal into
which the diffusion code is inserted among the digital
signals and the diffusion code of the VL.C transmitting
apparatus wanting to receive, and that detects a digital
signal corresponding to a signal having a maximum
value among the calculated auto-correlation values.

6. The VLC receiving apparatus of claim 5, wherein the
diffusion code comprises one of a PN code, a Walsi code, a
Kasami code, and an M-sequence.

7. The VLC receiving apparatus of claim 5, wherein the
demodulation unit further comprises:

a diffusion code removing unit that removes the diffusion
code from the digital signal corresponding to a signal
having the maximum value;

a guard interval removing unit that removes a cyclic prefix
from a signal in which the diffusion code is removed;
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a fast Fourier transform (FFT) unit that transforms the
signal in which the diffusion code is removed to a signal
of'a frequency domain by performing FFT; and

a symbol demapper that restores the signal of a frequency
domain to original data by symbol demapping. 5
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